
CHAPTER VII I 

Resources fo r Learnin g Mathematic s 
(Including textbooks, films, radio, television, programmed learning, etc.) 

Lead Pape r by Professor A.L . Blakers , M.A., Ph.D., B.Sc , 
Professor o f Mathematics and Chairma n o f th e 

Department o f Mathematics , 
University o f Western Australia . 

Introduction 
1. I am bot h please d an d mystifie d b y the invitation o f th e Organising Committe e 

to addres s thi s Conferenc e o n th e topi c "Resource s fo r Learnin g Mathematics" . 
I a m pleased , becaus e th e invitatio n ha s give n m e th e stimulu s t o gathe r togethe r 
and thin k abou t som e o f th e man y book s an d paper s o n thi s topic , and becaus e o f 
the unexpecte d opportunit y t o mee t an d exchang e idea s wit h s o man y Common -
wealth leader s i n mathematica l education ; I  a m mystified , becaus e I  d o not believ e 
that I  hav e eve r mad e an y significan t contributio n t o th e development , use , o r 
assessment o f an y o f th e resource s mentione d i n the titl e o f my topic , and I  canno t 
imagine wh y I  shoul d hav e bee n asked  t o spea k o n thi s topi c t o a  conferenc e o f 
experts. 

2. It i s inevitable tha t som e of wha t I  say wil l overlap wit h othe r prepared papers . 
This i s s o becaus e th e trainin g o f teachers , an d evaluation , ar e th e topic s o f othe r 
plenary sessions . Bu t teacher s ar e amon g th e mos t importan t o f ou r resources , and 
the usefulnes s o f a  teache r a s a  resourc e i s obviousl y relate d t o hi s training ; more -
over th e effectivenes s o f an y resourc e mus t b e determine d b y evaluation , an d i t i s 
difficult t o divorc e the evaluatio n o f programs from th e evaluatio n o f resources . 

3. I t i s als o inevitabl e that , du e t o th e nee d t o prepar e thi s pape r i n a  fe w brie f 
months, ther e wil l b e significan t omission s o f importan t material . This , however, i s 
no caus e fo r concern , an d ca n b e considere d a s a  stimulu s t o th e appropriat e 
Working Party t o pu t thing s right by filling i n the gaps. 

Terms of Referenc e 
4. When approache d t o prepar e thi s pape r o n resources , m y "brief " consiste d 

solely o f th e assigne d title , an d a  suggestio n tha t I  giv e relativel y les s attentio n t o 
the mor e sophisticate d an d expensiv e ne w technologica l developments . I  hav e 
interpreted m y brie f ver y liberally , takin g advantag e o f the "etc. " which cam e with 
the title , an d als o o f th e fac t tha t th e titl e use s th e expressio n "learning  mathe -
matics", rathe r tha n th e expressio n "teaching  mathematics" . Thu s i n additio n t o 
the specifi c resource s liste d i n th e title , I  inten d t o includ e ou r environmenta l 
resources (physical , biological , socio-economic , technological , cultural , etc.) ; book s 
other tha n textbooks ; computers ; an d tha t mos t importan t resource , th e teacher . 
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This extende d lis t i s b y n o means complete (w e haven't eve n listed "money"!) ; nor, 
of course , are the items in i t independent . 

Educational Media 
5. Many o f th e resource s I  hav e mentione d abov e (possibl y al l o f them ) ar e 

included i n th e currentl y popula r ter m "media" . Perhap s I  shoul d hav e sai d 
"educational media" , bu t th e adjectiv e i s probably redundant : surel y al l medi a ar e 
capable o f bein g use d fo r educationa l purposes . I n thi s connectio n I  woul d lik e t o 
refer yo u t o th e recen t boo k Understanding  Media 1 b y Marshal l McLuhan . Th e 
title notwithstanding , I  d o no t kno w anyon e wh o claim s to understand a  great dea l 
of wha t McLuha n i s tryin g t o say , an d ye t I  hav e th e feelin g tha t i t i s important , 
and tha t i t wil l stimulat e furthe r though t an d wor k whic h wil l b e highl y relevan t 
to the topi c o f thi s paper . 

Resources and Learning Theory 
6. In comparativel y recen t time s psychologist s hav e mad e grea t stride s i n thei r 

studies o f huma n personality ; anthropologist s an d psychologist s hav e mad e u s very 
aware o f th e relationship betwee n persona l developmen t an d environment ; scientist s 
and technologist s hav e steadil y increase d ou r abilit y t o modif y ou r environment ; 
and educationa l researcher s have been activel y exploring the relationship o f environ -
ment an d personalit y t o th e learnin g process . A  variet y o f learnin g theorie s hav e 
been formulated , an d seriou s attempt s hav e bee n mad e t o evaluat e them . Som e o f 
these theorie s (e.g . th e theories o f B.F . Skinner: se e below), have had a  considerable 
influence o n th e developmen t an d us e o f som e o f th e mos t "modern " learnin g 
resources: i n particular , programme d instruction . N o doub t thi s situatio n wil l con -
tinue, wit h ou r understandin g o f th e learnin g process , an d a  mor e sophisticate d 
and successfu l us e of resources, developin g han d i n hand . 

Resources for learning Mathematics 
7. We hav e no t com e t o thi s Conferenc e i n orde r t o speculat e abou t th e un -

certain future , bu t rathe r t o fac e u p t o th e realitie s o f th e present . W e wis h t o 
exchange information , experience s an d opinion s o n thos e resource s fo r learnin g 
mathematics whic h alread y exist , o r ar e likel y t o exis t i n th e nea r future . I n intro-
ducing thes e discussions , i t therefor e fall s t o m e t o sa y somethin g abou t a  numbe r 
of specifi c resources . I n discussin g thes e separately , I  wil l attemp t t o sa y a  littl e 
about thei r curren t stat e o f developmen t an d use , and to include opinion s as well as 
facts, i n th e expectatio n o f provokin g som e o f yo u t o disagre e wit h me . Th e lis t is 
not intende d t o b e categorical , nor ar e the items in i t independen t o f on e another . 

Our Natural Environment 
8. All o f th e specifi c resource s whic h w e shal l conside r belo w for m par t o f ou r 

total environment . Thi s environmen t i s b y n o means the same for al l of us — in fac t 
every on e o f u s i s a  geneticall y uniqu e individual , an d eac h o f u s i s subjec t fro m 
birth t o a  persona l an d uniqu e se t o f environmenta l factors . Thu s a t ever y stag e of 
our developmen t ou r potentialit y fo r learnin g (i n mathematic s a s i n al l else ) i s 
unique, and , ideally , thi s shoul d b e exploited b y a  unique use of availabl e resources . 
However al l existin g system s o f educatio n operat e b y considerin g categorie s o f 
individuals, groupin g the m b y th e us e o f suc h criteri a a s geographical location , age, 
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sex, apparen t succes s in previous education, an d s o on. I t i s convenient t o conside r a 
rough divisio n o f ou r tota l environmen t int o tha t par t whic h i s natural , an d tha t 
part whic h i s man-made . Th e "mathematica l content " o f ou r natura l environmen t 
is much the sam e for al l of us , wherever we happen t o b e located o n thi s little planet . 
The shape o f th e sun ; the apparentl y changin g shape of the moon; daily an d seasona l 
patterns o f shadows ; regularity an d symmetr y i n crystals , leaves, flowers, an d seeds ; 
experiences wit h water , suc h a s reflections , wave s an d ripples ; —  thes e ar e freel y 
available t o all . W e know tha t man y o f thes e thing s have had a  significant effec t o n 
the historica l developmen t o f mathematics , an d i t i s no t unreasonabl e t o believ e 
that w e should b e able to exploi t the m a s resources fo r th e learnin g of mathematics . 

9. Although i t i s probabl y no t relevan t t o th e topi c o f thi s paper , w e shoul d 
remind ourselve s tha t ther e i s a  deepe r relationshi p betwee n mathematic s an d th e 
natural environment , an d that unti l very recently thi s environment ha s been virtuall y 
unchanged durin g th e evolutio n o f man . Ther e i s littl e doub t tha t amon g thos e 
genetic variation s o f prehistori c ma n (an d hi s ancestors ) whic h had surviva l value in 
relation t o th e environment , ther e mus t hav e bee n variation s relate d t o abilitie s 
which w e woul d conside r t o b e essentiall y mathematical . I n othe r words , th e fac t 
that ma n ha s evolve d a s a n anima l wit h considerabl e mathematica l capabilit y 
probably reflect s th e valu e whic h thi s typ e o f abilit y ha s ha d fo r surviva l i n a 
competitive environment . 

Our Man-Made Environmen t 
10. Unde r thi s headin g w e includ e al l aspect s o f ou r tota l environmen t whic h 

are, directl y o r indirectly , th e creatio n o f man. This includes not onl y those specifi c 
products o f ou r manufacturin g technolog y whic h ar e mentione d i n th e titl e o f thi s 
paper, bu t als o suc h othe r man-mad e creation s a s ou r homes ; ou r cities ; our social , 
political an d economi c system s (includin g ou r us e o f money) ; our many device s fo r 
the transportatio n o f goods , informatio n an d ideas ; and, of course , the many usefu l 
and useles s gadget s whic h flo w fro m th e applicatio n o f ou r advancin g scienc e an d 
technology. Th e natura l environmen t ha s playe d a  well-know n an d significan t rol e 
in th e historica l developmen t o f mathematics , bu t th e man-mad e aspect s o f ou r 
environment (an d ou r nee d t o understan d an d furthe r develo p them ) hav e no w 
assumed a  fa r greate r significance i n relation t o curren t mathematica l developments , 
and t o curren t curriculu m developments . Whil e w e seem to b e moving slowly in the 
direction o f greate r uniformit y i n th e technologica l aspect s o f ou r societies , ther e 
are stil l very grea t difference s fro m on e place to another . Whethe r o r no t thi s implies 
the nee d fo r difference s i n mathematic s curriculu m will , n o doubt , b e discusse d i n 
other sessions ; bu t ther e seem s littl e doub t tha t thes e environmenta l difference s 
deserve seriou s consideratio n i n relatio n t o th e us e o f resource s fo r implementin g 
whatever curriculu m i s used. 

11. Le t m e giv e a  simpl e example . I n m y country , i t ha s bee n pointe d ou t t o 
me tha t th e mathematica l progres s o f childre n i n rura l area s i s indistinguishabl e 
from tha t o f cit y childre n throug h th e primar y grades , wher e th e mathematic s 
studied i s almos t wholl y arithmetic ; bu t tha t apparentl y significan t difference s 
begin t o appea r a t th e secondar y level , with urban childre n achievin g greater succes s 
than rura l children . I t i s conjectured tha t th e environment o f urban childre n (includ -
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ing, o f course , th e attitud e o f parents , friend s an d especially , th e pee r group ) 
makes th e acquisitio n o f mathematica l knowledg e mor e desirable , an d apparentl y 
more obviousl y relevan t t o th e need s o f th e community . Th e sam e curriculu m i s 
almost certainl y neede d fo r al l o f thes e children , i n vie w o f th e uncertaint y con -
cerning thei r futur e careers . Bu t one naturally wonder s whethe r o r not th e differen t 
environmental influence s coul d b e compensate d fo r b y th e use of differen t teachin g 
strategies. 

12. Th e profound influenc e of our cultura l environmen t o n our persona l develop -
ment is , of course , well known t o psychologist s and t o anthropologist s bu t w e some-
times tend to overlook it in relation t o the learning of suc h a  universal and apparentl y 
culture-free subjec t as mathematics. I t is my personal belie f tha t no t enoug h attentio n 
has bee n pai d t o cultura l differences , bot h i n th e desig n o f curricula , and i n the use 
of variou s resource s fo r learnin g mathematics . I t migh t b e hopelessl y visionar y t o 
contemplate a  time when the design o f mathematics curricul a an d th e use of learnin g 
resources wil l b e full y adapte d t o th e need s an d potentialitie s o f eac h individual , 
but i t i s no t quit e s o unrealisti c t o sugges t tha t mor e attentio n (especiall y i n th e 
use o f resources ) shoul d b e pai d t o som e o f th e mor e obviou s cultura l differences . 
This implies , fo r example , tha t book s designe d fo r us e i n on e societ y shoul d b e 
"culturally translated" , a s wel l a s verball y translated , i n orde r t o adap t the m fo r 
the need s o f anothe r —  a n innovatio n whic h has already bee n found worthwhil e fo r 
culturally distinguishabl e group s withi n on e country , a s wel l a s betwee n countrie s 
with obviou s cultura l differences . (Se e fo r example 2, an d man y othe r America n 
reports o n program s fo r culturall y disadvantage d children) . O f course , man y othe r 
dichotomies are possible in addition t o suc h wel l known one s as rural-urban, affluent -
poor, an d culturall y "normal"-culturall y deprived . On e whic h ha s receive d a  grea t 
deal o f attentio n i n recen t year s i s relate d t o th e relativ e stat e o f technologica l 
advancement, classifyin g countrie s rather roughl y a s "developed" an d "developing" . 
I recentl y rea d a  charming book 3 abou t th e experiences o f tw o teacher s from on e of 
the mos t technologicall y develope d countrie s (th e Unite d State s o f America ) i n 
teaching elementar y mathematic s t o childre n fro m a  particula r triba l grou p i n 
Liberia. Thi s delightfu l an d thought-provokin g stud y ha s implication s whic h g o fa r 
beyond th e immediat e experience s o f th e authors : i t suggest s most strongl y tha t th e 
teacher shoul d understan d th e cultur e i n whic h h e i s working , an d ho w thi s affect s 
not onl y th e suitabilit y o f wha t i s taugh t (th e curriculum ) bu t als o th e choic e o f a 
teaching strateg y (includin g th e us e o f learnin g resources ) whic h i s likel y t o prov e 
most effective . 

13. Thi s attentio n t o cultura l difference s i s importan t i n time , a s wel l a s i n 
place: th e cultura l environmen t o f an y par t o f th e worl d varies in time , and i n mos t 
areas th e positio n toda y i s ver y differen t t o wha t i t wa s fift y (o r eve n twenty ) 
years ago . Dr . Rober t Davi s ha s draw n attentio n t o th e tremendou s significanc e o f 
these time-linke d cultura l changes , i n hi s fascinatin g an d provocativ e booklet 4, 
Mathematics: The  Changing  Curriculum. Thi s booklet i s essential reading fo r anyon e 
who i s interested no t onl y i n seein g wher e w e ar e (in mathematical education) , bu t 
who i s als o intereste d i n seein g som e o f th e direction s i n whic h w e ar e heading . 
Dr. Davi s point s ou t tha t th e technolog y o f th e 1960' s an d th e use of mathematic s 
in it , ar e vastl y differen t t o wha t the y wer e in the 1940's , and he suggests that al l of 
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our recen t "reform " efforts , eve n i f successful , migh t onl y resul t i n makin g ou r 
curricula relevan t t o th e need s o f th e 1940's . H e suggest s tha t th e technologica l 
development o f (American ) societ y require s a  rat e o f chang e o f mathematic s 
curriculum an d learnin g procedure s whic h i s considerabl y greate r tha n th e presen t 
rate. 

14. I  shal l no t carr y furthe r thi s discussio n o f environmenta l factors , bu t I  hope 
that wha t I  hav e sai d wil l mak e clea r my belie f tha t ou r man-made environmen t ha s 
had, an d wil l continu e t o have , a  grea t influenc e o n th e developin g natur e o f ou r 
mathematics, on the choic e o f curriculum , an d o n the choic e o f strateg y for teachin g 
(learning) thi s curriculum , an d m y stron g convictio n tha t bot h th e choic e o f cur -
riculum an d th e us e o f availabl e learnin g resource s shoul d tak e int o accoun t th e 
nature, an d th e changin g nature , o f th e cultura l background o f ou r students , and o f 
the futur e environmen t i n whic h the y wil l live . I f w e ca n discove r ho w t o d o thi s 
successfully, the n i t wil l b e possibl e t o exploi t th e environmen t itsel f muc h mor e 
than w e d o a s a  resource fo r learnin g mathematics . 

15. O f course , i t i s rather eas y to asser t wha t shoul d b e done. We might al l agree 
on th e importanc e o f cultura l factor s i n curriculu m desig n an d in learning strategy , 
but fin d grea t difficult y i n turning thi s agreement int o action . However , the report 2 

referred t o earlier , indicate s tha t som e progres s i s being mad e i n on e countr y (th e 
United States ) i n th e understandin g an d amelioratio n o f th e cultura l deprivatio n 
which result s fro m relativ e poverty . I  recentl y rea d i n the Annual Repor t (1967 ) o f 
the Carnegi e Corporatio n o f Ne w York , o f a  quit e differen t projec t ( a joint projec t 
of Syracus e Universit y an d Makerer e College ) designe d t o discove r whethe r o r no t 
current psychologica l theorie s o f chil d developmen t an d learnin g (whic h hav e been 
predominantly base d o n studie s o f childre n in Western societies ) are. , in fact, applic -
able t o non-Wester n cultures . Studie s suc h a s thes e indicat e tha t som e progres s i s 
possible, and they hol d muc h promise fo r th e future . 

Specific Resources : The Teacher 
16. Durin g th e pas t fiftee n o r twent y year s ther e ha s bee n a n almos t un -

precedented amoun t o f activit y aime d a t th e "improvement " o f schoo l mathe -
matics. Initiall y muc h o f thi s activit y wa s directe d toward s curriculu m reform , 
with suc h landmark s a s th e creatio n o f th e Commissio n o n Mathematic s i n 1955 , 
and th e publicatio n o f it s report 5 i n 1959 ; the establishmen t o f th e Schoo l Mathe-
matics Stud y Group , i n 1958 ; the Royaumon t Semina r (1959 ) o f th e Organisatio n 
for Europea n Economi c Co-operation , an d it s controversia l report 6 New  Thinking 
in School  Mathematics;  th e cal l t o arm s b y Professo r Brya n Thwaite s (1961 ) i n his 
Inaugural Address 7, leadin g t o th e Southampto n Mathematic s Conference 8, an d t o 
the Schoo l Mathematic s Project ; the imaginative wor k o f the Cambridge Conferenc e 
on Schoo l Mathematic s (1963 ) an d it s stimulatin g report 9 Goals  for School  Mathe-
matics; and , mor e recentl y (1966 ) th e Ditchley Conference 10 ,  a joint Conferenc e o f 
the Schoo l Mathematics Projec t an d th e Cambridg e Conference . 

17. Thi s listin g is , o f course , ver y incomplete . Refor m movement s exis t i n 
virtually ever y country , an d ther e ca n scarcel y b e a  schoo l anywhere whos e mathe-
matics progra m ha s no t bee n affecte d b y th e activit y o f th e las t decade . ( A fulle r 
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picture i s given b y th e recen t UNESC O publication 11 New  Trends  in  Mathematics 
Teaching). I n mos t o f th e abov e mentione d report s there i s relatively littl e mentio n 
of th e rol e o f teacher s an d othe r resources . Howeve r i t wa s earl y realise d b y man y 
of th e leader s o f th e refor m movement s tha t th e best-conceive d curriculu m woul d 
founder i f du e attentio n wer e no t pai d t o th e crucia l rol e o f th e teache r an d to th e 
improvement o f teacher s themselves , a s wel l a s th e improvement o f othe r resource s 
such as textbooks an d teachers ' guides. 

18. Th e event s of the las t te n year s have fully justified th e initia l concern (whic h 
is eviden t i n man y o f th e publication s referre d t o above) tha t a  major barrie r to th e 
successful implementatio n o f an y ne w curriculu m woul d b e th e mathematica l an d 
pedagogical competenc e o f th e teacher . I  a m sur e tha t man y o f u s wh o ar e here a t 
this Conferenc e wil l have independently reache d th e conclusio n tha t i t i s the teache r 
on who m w e mus t concentrat e muc h o f ou r attention , i f genuin e progres s i s t o b e 
made. Thi s i s no t reall y surprising . Fo r i t i s the teache r (wh o is often referre d t o as 
"a filter , throug h whic h mathematica l idea s percolat e t o th e student" ; o r a s " a 
mirror —  sometime s cloudy ! —  i n whic h th e studen t perceive s mathematica l con -
cepts") wh o i s stil l th e mai n channe l fo r th e communicatio n o f mathematica l idea s 
to th e student , n o matter wha t curriculu m i s being studied. This statement i s as true 
for classe s usin g th e man y fin e ne w textbook s tha t hav e recentl y appeared , a s i t i s 
for classe s usin g olde r book s o r havin g n o textbook s a t all . And , a s fa r a s we ca n 
tell a t present , th e rol e o f th e teache r i s likel y t o b e just a s significan t (eve n i f dif-
ferent i n detail ) i n conjunctio n wit h suc h "automated " teachin g method s a s pro -
grammed learnin g and compute r assiste d learning . 

19. I t i s my ow n convictio n tha t th e teache r is , in many ways , the critica l class-
room resource , an d tha t th e teache r set s a  limi t t o th e effectiv e us e o f ever y othe r 
resource —  textbooks , film s an d fil m strips, programme d materials , attribute blocks , 
calculators, overhea d projectors , numbe r rod s an d othe r analog y devices , mathe -
matical games  an d puzzles , an d th e many othe r "teachin g aids " which are appearin g 
in ou r classrooms . Fo r thi s reaso n I  loo k forwar d wit h interes t t o th e worksho p 
discussions o n th e vita l topi c o f teache r selectio n an d training . Unfortunatel y i t i s 
extremely eas y t o convinc e ourselve s o f th e crucia l rol e o f th e teacher , bu t i t i s 
vastly mor e difficul t t o kno w jus t wha t t o d o about it . We know tha t th e successfu l 
teacher mus t hav e a n adequat e knowledg e an d understandin g o f th e relevan t 
mathematics, an d a s much skil l an d understandin g o f th e processe s o f learnin g and 
of pedagog y a s w e ca n currentl y provide : thes e ar e th e traditiona l component s o f 
teacher training . Bu t ther e i s muc h mor e t o i t tha n this . Mos t o f u s wil l recal l 
personal learning experiences in mathematics (and in other subjects) wher e we became 
excited about a particular topic, and this excitement acte d a s a catalyst i n the learnin g 
of the topic , to the extent tha t w e were not consciou s a t al l of any "effort " t o learn . 
We woul d lik e t o b e abl e t o excit e al l o f ou r teacher s abou t thei r subjec t an d it s 
teaching, an d t o hav e the m communicat e thi s excitement t o thei r students . Perhap s 
one day w e shall discover how to d o this . 

Books 
20. Le t m e confes s a t th e outse t wha t wil l probabl y becom e apparen t a s I 

proceed: tha t I  a m a  boo k lover . Book s hav e bee n wit h u s fo r a  very lon g time , 
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and thei r rol e a s carrier s o f variou s aspect s o f ou r huma n cultur e i s wel l known . 
(Consider, fo r example , th e historica l significanc e o f suc h book s a s th e Bible , th e 
Koran, an d Euclid' s Elements) . The two grea t storehouse s fo r th e accumulatio n an d 
transmission o f mathematica l knowledg e hav e been people an d books . 

21. I n considerin g th e significanc e o f book s a s a  resourc e fo r learnin g mathe -
matics, i t i s necessar y t o remin d ourselve s o f th e dramati c chang e i n th e statu s 
of book s brough t abou t b y th e developmen t o f modern , movable-typ e printin g 
in Wester n Europ e i n the fifteent h century . This technological breakthroug h mad e i t 
possible t o produc e man y identica l copie s o f th e sam e boo k a t a  great reduction i n 
cost a s compare d wit h earlier methods. I t also made possible a  rapid developmen t o f 
mass education . Th e reason s wh y suc h a  developmen t di d no t occu r fo r severa l 
hundred year s ar e complex, an d beyon d th e scope of thi s discussion; but i t i s safe t o 
say that , ha d printin g no t bee n invented , th e developmen t o f mass education i n th e 
last hundre d year s woul d hav e bee n ver y differen t fro m wha t i t has been. To realise 
this w e hav e onl y t o reflec t o n th e exten t t o whic h ou r personal developmen t -  i n 
mathematics a s i n othe r area s —  ha s bee n assiste d b y ou r us e o f books : textbooks , 
reference books , journals, and s o on. 

22. Book s an d printin g hav e bee n wit h u s fo r s o lon g tha t i t migh t b e though t 
that, excep t fo r change s i n content , nothin g o f curren t significanc e coul d b e sai d 
about th e rol e o f books . Bu t I  do not believ e tha t thi s is the case : authors and boo k 
publishers hav e no t stoo d still . On e interestin g developmen t o f th e las t decad e 
(closely associate d wit h curriculu m reform ) ha s bee n th e growin g tendenc y fo r th e 
use o f fairl y larg e group s o f writers , rathe r tha n th e more traditiona l authorshi p b y 
one, o r b y a  smal l numbe r o f writers . This group writing is seen in the work o f suc h 
bodies a s th e Schoo l Mathematic s Stud y Group , th e Schoo l Mathematic s Project , 
the African (Entebbe ) Mathematic s Project , and , o f course , many others . There i s no 
doubt tha t suc h grou p writin g ca n resul t i n a  very critica l selection an d appraisa l of 
material, althoug h i t sometime s run s int o problem s o f style . I  a m sur e tha t th e 
potentialities o f grou p writin g hav e no t bee n full y realise d i n mos t o f th e recen t 
projects, du e to rathe r sever e restrictions of time and money . But , given an adequat e 
supply o f both , i t seem s saf e t o conjectur e tha t man y o f th e bes t textbooks o f th e 
future wil l b e produce d b y th e co-operativ e effort s o f mathematicians , teachers , 
learning theorists , an d publishers ; assisted, o f course , by feedbac k fro m th e student s 
on who m th e text s ar e evaluated . I n thi s connectio n se e th e remark s o f Rober t 
Davis on "Experimentin g wit h Textbook Style" 4 . 

23. Ther e hav e als o bee n significan t change s i n recen t year s i n th e ar t an d 
technique o f boo k production . Fo r example , conside r the attractive use of ar t wor k 
and colou r i n th e books 12 o f th e Nuffiel d Mathematic s Project : thes e book s ar e 
a fa r cr y fro m th e generally dra b textbooks o f a  generation ago . Another innovatio n 
has bee n i n th e us e o f transparen t overlays ; for a n exampl e o f thi s see 13 .  It i s no t 
clear just ho w muc h effec t a  more attractive production ca n have on the learning of 
mathematics, quit e apar t fro m th e aestheti c pleasur e whic h i t may give us, but I  am 
inclined to think that it could be significant fo r som e students; it would b e interestin g 
to se e some wel l planned educationa l researc h on thi s question . 
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24. Whil e talking textbooks, there i s one matter whic h simply mus t b e discussed : 
that is , ho w significan t i s an y textboo k i n th e learnin g proces s fo r th e individua l 
student, othe r tha n a s a  course-guide fo r th e teacher? I n my country , unti l recently , 
mathematics textbooks for th e primar y schoo l (and , to a  lesser extent, th e secondar y 
school) were little else than collection s of problems . The "textbook " (i f any ) was not 
generally designe d t o presen t th e subjec t i n a n orderl y wa y whic h coul d (i n theor y 
at least ) b e rea d b y th e studen t a s a  supplemen t t o hi s clas s instruction . Ther e ar e 
signs tha t thi s situatio n i s changing significantly , an d I  will be most intereste d t o se e 
whether thes e student s (wh o ar e no w bein g encourage d t o rea d mathematic s book s 
at bot h primar y an d secondar y levels ) wil l impres s us , wh o late r teac h the m a t th e 
tertiary level, as being significantly mor e successfu l tha n ou r presen t student s in thei r 
ability t o lear n mathematics , by themselves , from book s and journals. 

25. A t thi s stag e I  hop e tha t yo u wil l forgiv e m e i f I  injec t a  somewha t mor e 
personal note , an d tel l yo u o f a  projec t o n whic h I  hav e bee n engage d fo r th e pas t 
seven o r eigh t years . Abou t te n year s ago , a s a  resul t o f m y increasing involvemen t 
with mathematic s educatio n i n schools , I  becam e awar e tha t mos t school s i n th e 
region wher e I  liv e (Perth , Australia ) ha d virtuall y n o worthwhil e mathematic s 
holdings i n thei r libraries . ( A typica l situatio n wa s for a  school to have a few must y 
and out-date d textbooks , frequentl y bequeathe d b y som e lon g forgotte n teacher) . 
I als o becam e awar e tha t ver y fe w teacher s o f mathematic s ha d an y significan t 
number o f mathematic s book s i n thei r persona l libraries . I n vie w o f th e rapidl y 
growing numbe r o f suitabl e book s (fo r bot h teacher s an d schools ) which I  knew t o 
exist, it seemed to me that I  should b e able to d o something to improve thi s situation . 
My firs t approac h wa s t o gathe r togethe r a  lis t o f a  littl e ove r a  hundred suitabl e 
books, an d I  circulate d thi s lis t t o teacher s (a s member s o f ou r Mathematica l 
Association) an d t o schoo l librarians . Afte r a  yea r o r s o I  mad e som e attemp t t o 
assess wha t effec t thi s ha d had . Unfortunatel y i t appeare d tha t an y improvemen t 
was ver y smal l indeed . Afte r furthe r discussion s wit h teachers , I  suddenl y realise d 
that neithe r teacher s no r librarian s wer e likel y t o bu y an y significan t numbe r o f 
mathematics book s which they ha d n o opportunity t o inspec t i n advance. And Pert h 
bookshops (including ou r Universit y Bookshop ) rarely stoc k very many mathematic s 
books which are suitable fo r th e librarie s of school s and o f teachers . 

26. Havin g thu s clarifie d m y problem , th e solutio n wa s relativel y simple . I  se t 
about collecting a  "standing display " of suc h books , housed i n a location wher e the y 
could b e readil y inspecte d (includin g limite d borrowing ) b y an y interested teacher . 
In addition , an d wit h th e co-operatio n o f the Stat e Departmen t o f Education , thes e 
books ar e regularl y circulate d (fo r a  limite d inspection period ) in boxes of 20-3 0 t o 
any intereste d school . (Yo u migh t b e intereste d t o kno w tha t th e Stat e o f Wester n 
Australia occupie s almos t a  millio n squar e miles , an d tha t som e school s ar e ove r 
1,000 mile s from Perth . Thus not ever y teacher ca n drop i n at th e University —  wher e 
the books are normally house d — after school! ) Finally , a  list of recent acquisition s is 
sent regularly t o al l members of the Association . 

27. Thi s collection has now grown to abou t 70 0 books. In case you ar e intereste d 
in starting such a project fo r yourselve s (and I  strongly recommend tha t suc h "schoo l 
mathematics collections" should be established in every major centre ) I  have arrange d 
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to suppl y eac h o f yo u wit h a  fairl y complet e lis t o f our curren t holdings . No doub t 
some o f thi s materia l wil l b e familia r t o you , bu t I  a m sur e tha t yo u wil l b e a s 
surprised a s I was just ho w much i s available, and how rapidly thi s is increasing. 

28. Perhap s I  shoul d sa y somethin g abou t th e selectio n o f materia l fo r thi s 
collection. I  bega n originall y wit h th e ide a o f sendin g ou t a  brie f "review " o f eac h 
book, wit h eac h lis t o f acquisitions . Bu t almos t fro m th e beginnin g I  ha d request s 
from teacher s t o pu t th e books in some sor t o f orde r o f preference ; and thi s worrie d 
me, becaus e I  wa s no t convince d o f th e infallibilit y o f m y judgment (o r o f anyon e 
else's), an d I  di d no t lik e th e though t tha t ever y schoo l might en d up wit h th e sam e 
little subset of my collection. My concern abou t possibl y playin g the role of "censor " 
soon became irrelevant , because the books came in much faste r tha n I  could possibl y 
read an d commen t o n them , an d th e onl y book s whic h I  hav e exclude d hav e bee n 
quite routine standar d texts . 

29. A s a  resul t o f al l this , teacher s an d school s hav e mad e thei r ow n selections , 
and thes e hav e show n a  gratifyin g diversity . Som e o f the m hav e certainl y bough t 
books which I would neve r have recommended. Bu t thi s doesn' t worr y me , especially 
as teachers have told m e of particula r book s which have aroused th e interes t o f som e 
of thei r students , an d I  hav e realise d tha t I  woul d hav e delete d thes e book s i n any 
censoring process. I am more tha n satisfie d i f a  book whic h I  consider dull , inelegant , 
and eve n inaccurate , ca n arous e th e interes t o f an y studen t i n mathematics: interes t 
acts as a powerful catalys t i n the learning process. 

30. S o tha t som e o f yo u ca n se e som e o f thes e book s fo r yourselves , I  hav e 
arranged t o hav e a s man y o f the m a s possible brought togethe r i n Trinidad.* I  hope 
that som e o f yo u migh t b e influence d t o wor k toward s th e establishmen t o f suc h 
collections a t suitabl e centre s i n you r ow n countries , and , i f so , m y experienc e 
might provid e yo u wit h a  startin g point . O f cours e i f suc h a  collection i s started, i t 
should b e kep t up-to-dat e b y th e regula r additio n o f ne w material . Amon g th e 
sources whic h I  fin d usefu l i n helpin g t o locat e suitabl e book s ar e th e reviews , 
advertisements, an d bibliographie s i n suc h journal s a s The  Mathematics  Teacher, 
The Arithmetic  Teacher,  The  Scientific American,  School  Science  and  Mathematics, 
Mathematics Magazine,  The  Mathematical  Gazette,  Mathematics  Teaching,  an d 
Teaching Arithmetic.  I n additio n annotate d list s hav e bee n publishe d b y th e 
Association o f Teacher s o f Mathematic s (U.K.) , an d b y th e Nationa l Counci l o f 
Teachers o f Mathematics (U.S.A.) . 

Programmed Learnin g 
31. I t i s fairl y saf e t o sa y that programme d instructio n ha s been one of the mos t 

controversial educationa l innovation s of th e past decade . The recent wav e of interes t 
and activit y i n thi s technique ha s its origin in the work o f S.L . Pressey , who pointe d 
out i n tw o article s publishe d i n 192 6 (A  Simple  Apparatus  Which  Gives  Tests  and 
Scores -  And  Teaches  an d A  Machine  For  Automatic  Teaching  of  Drill  Material; 
reprinted in 14, pp . 35-4 1 an d pp . 42-46 ) tha t a  multiple-choic e testin g machin e 
also performe d a  teachin g function . However , th e root s o f th e ide a ar e a s ol d a s 
education itself, and are certainly present in the didacti c methods o f Socrates . In fact , 

*These title s are included i n the bibliography . 
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as Kenneth Ma y ha s pointe d ou t i n hi s masterl y studie s Programmed Learning  and 
Mathematical Education 15 ,  an d Programming  and  Automation 16 ,  programme d 
instruction i n th e modern specifi c sens e can be considered a s a particular instanc e o f 
educational programming , whic h he defines a s the schedulin g and contro l o f studen t 
behaviour i n th e learnin g process . Thu s al l educationa l procedure s involv e pro -
gramming (including self-programming) t o a  greater o r lesser extent . 

32. Pressey' s wor k doe s no t appea r t o hav e mad e an y significan t impac t a t th e 
time o f it s publication , bu t thi s canno t b e sai d o f th e late r wor k o f B.F . Skinner . 
Following th e appearanc e o f Skinner' s paper s The  Science  of  Learning  and  The  Art 
of Teaching  an d Teaching  Machines (whic h appeared i n 195 4 and 195 8 respectively ; 
these ar e reprinte d in 14 ,  pp . 99-113 , an d pp . 137-172 ) ther e ha s appeare d a n 
enormous amount o f programmed materia l in a variety o f modes , and on a  very wid e 
range of topics . 

33. Fro m th e beginnin g mathematic s ha s bee n considere d (b y th e promoter s 
of programme d learning ; no t necessaril y b y mathematicians ) a s a  suitabl e subjec t 
for programming , and program s on mathematica l topic s soon bega n to appea r o n th e 
scene. I  thin k tha t i t is fair t o sa y that mathematician s hav e largely been sceptica l o f 
the man y optimisti c claim s whic h hav e bee n mad e fo r thi s new technique, and tha t 
May's tw o paper s referre d t o abov e give a fair impressio n o f the views of the mathe -
matical fraternity . Th e reason s fo r thes e doubt s ar e many : fro m th e beginnin g th e 
technique wa s oversold , bot h b y educationa l enthusiast s an d b y commercia l 
promoters; i t wa s no t a t al l obviou s tha t wor k don e o n animal s woul d hav e direc t 
application t o th e learnin g o f huma n beings ; the styl e o f productio n make s i t ver y 
difficult fo r a  mathematicia n t o ge t a  quic k feelin g fo r a  program , a s he ca n fo r a 
book, b y skimmin g th e conten t an d samplin g a  few passages ; and whe n he took th e 
trouble -  a n extremel y borin g procedur e -  t o examin e carefull y a  programme d 
mathematics tex t b y followin g i t throug h i n detail , h e wa s ofte n appalle d b y th e 
mathematics h e found . (Thi s i s no t ver y surprising , sinc e mos t o f th e earl y mathe -
matics program s wer e writte n b y peopl e wit h n o establishe d standin g a s mathe -
maticians o r a s mathematic s teacher s —  peopl e wh o would hav e been mos t unlikel y 
to writ e a  norma l mathematic s text) . I n an y event , mathematician s hav e a  health y 
cynicism wit h regar d t o an y notio n tha t th e learnin g o f mathematic s ca n b e mad e 
quickly an d dramaticall y easier . Thi s long-standin g attitud e i s typifie d b y Euclid' s 
oft-quoted repl y t o Kin g Ptolem y whe n aske d to simplif y th e learning of geometry , 
"there i s no Roya l road t o geometry" . 

34. Th e doubt s o f mathematician s concernin g th e rathe r extravagan t claim s o f 
some of the earl y promoter s o f programmed learning , resulted i n their determinatio n 
to tr y ou t th e mediu m fo r themselves . A s a  resul t man y ver y substantia l project s 
have bee n carrie d throug h i n th e preparatio n an d testin g o f mathematic s programs . 
I shall mention a  few o f them . 

35. I n 1961 , the Schoo l Mathematic s Stud y Grou p inaugurated a n experimenta l 
"Programmed Learnin g Project" , designe d t o produce an d tes t a  variety o f program s 
on a  single clearly-defined cours e (beginnin g algebra) fo r whic h S.M.S.G . ha d alread y 
prepared an d teste d tw o differen t standar d textbooks . Thi s projec t ha s bee n full y 
reported. (Se e 17 ; thi s repor t als o contain s a  very usefu l Manual  for  Programmers). 
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The writin g team s containe d experience d mathematic s teacher s an d universit y 
mathematicians, a s wel l a s psychologists who were experts in programming. Initiall y 
two program s wer e prepared , using the Skinne r (constructe d response ) and Crowde r 
(multiple choice ) modes . I t i s interesting t o not e tha t a  book o f abou t 50 0 pages in 
standard textboo k form , occupie d ove r 1,70 0 page s whe n programme d i n "con -
structed response " form , an d ove r 2,30 0 page s i n "multipl e choice " form . A  late r 
"hybrid" for m (usin g bot h o f th e abov e forms , togethe r wit h som e passage s o f 
standard text ) occupie d abou t 1,00 0 pages . Thi s developmen t o f a  hybri d for m 
resulted from experience s durin g the projec t i n the use of the olde r forms , especially 
the apparen t nee d t o overcom e th e tendenc y t o boredo m cause d b y the unrelieve d 
use o f a  singl e form . Hybri d programmin g ca n b e considere d a s an S.M.S.G . con -
tribution t o th e ar t o f programming . Th e result s o f th e S.M.S.G . experimen t ar e 
given i n detai l i n th e repor t cited . Roughl y speaking , the y sugges t tha t (insofa r a s 
these thing s ca n b e measured) , a  wel l prepare d progra m ca n b e a  usefu l learnin g 
device, an d tha t it s effectivenes s a s compare d wit h th e us e o f a  standar d textboo k 
is likel y t o b e neithe r dramaticall y bette r no r dramaticall y worse , whe n use d i n a 
reasonably sensibl e way . Anothe r conclusio n wa s tha t th e hybri d for m wa s mor e 
effective tha n eithe r o f the "pure " forms, giving the student s more confidenc e i n the 
use of terminology as well as improved performance , an d giving greater satisfaction t o 
the program writers . Perhaps the mos t significan t singl e conclusion t o b e drawn fro m 
the S.M.S.G . stud y i s tha t programme d learnin g deserves , an d needs , a  grea t dea l 
more investigation and experimentation , i n order to determin e the bes t way s of com -
bining differen t mode s (includin g possibl e ne w modes ) i n orde r t o maintai n th e 
student's interes t an d challeng e hi s ability , a s wel l a s t o conditio n hi m t o certai n 
desired responses . Ther e is , o f course , muc h mor e o f valu e i n th e report , whic h I 
strongly recommen d t o anyon e seriousl y intereste d i n th e us e o f programme d 
instruction fo r th e improvement o f schoo l mathematics . 

36. Programme d learnin g ha s mushroome d enormousl y i n it s ver y shor t spa n of 
existence, and while it has not live d up to some of the claims of th e early enthusiasts , 
there i s littl e doub t tha t i t ha s mad e (an d wil l continu e t o make ) a  worthwhil e 
contribution t o ou r armour y o f learnin g resources , an d t o ou r understanding o f th e 
learning process. A great deal of experimental work is now in progress, but muc h mor e 
will need to be done before the ful l potentialitie s o f thi s medium ar e realised. Bu t i t is 
safe t o conjectur e tha t i t wil l eventuall y establis h itsel f a s on e o f man y usefu l 
resources, an d not , a s som e o f it s early promoters saw it, as the solutio n t o man y o f 
our problem s o f teache r suppl y an d training . Al l th e evidenc e t o dat e suggest s tha t 
programmed materia l wil l onl y b e a n ai d t o th e mathematic s teacher , an d wil l no t 
supplant him . 

37. Thi s i s al l tha t I  wis h t o sa y i n orde r t o introduc e thi s topic, which will , no 
doubt, b e widel y discusse d i n ou r workin g parties . Bu t befor e goin g on , I  shoul d 
point out that programmed learning is strongly linked with computer-assisted learning , 
about whic h I  shal l hav e more t o sa y later in this paper. I  conclude by giving a short 
reading lis t o f som e o f th e man y book s an d paper s whic h ar e relevan t t o th e dis -
cussion o f programme d learnin g i n mathematics . T o thi s lis t shoul d b e adde d th e 
references alread y given , an d th e ver y usefu l referenc e list s whic h the y themselve s 
contain. 
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Leedham, J. , an d Unwin , D . Programmed  Learning  in  the  Schools.  London , 
Longmans, 1965 . 
Fincher, G.E. , an d Fillmer , H.T . "Programme d Instructio n i n Elementar y Arith -
metic", Arithmetic Teacher,  January , 1965 . 
Smith, M.D . "Som e Consideration s i n Teachin g Mathematic s b y Programme d 
Instruction", Mathematics Teacher,  May , 1962 . 
Kalin, R . "Som e Guideline s fo r Selectin g a  Programmed Tex t i n Mathematics" , 
Mathematics Teacher,  January , 1966 . 
Smith, L.W . "Th e Us e an d Abus e o f Programme d Instruction" , Mathematics 
Teacher, December , 1965 . 
Heimer, R.T . "Design s Fo r Futur e Exploratio n i n Programme d Instruction" , 
Mathematics Teacher,  February , 1966 . 
School Mathematics Study Group. Programmed First  Course  in Algebra, (Student' s 
Text, Part s I  &  II , Student' s Respons e Booklet ; Teacher' s Commentary) . Ne w 
Haven, Yale U.P., 1965 . 
Mathematical Associatio n o f America , Committe e o n Educationa l Media . A 
Programmed Calculus.  New York, W.A. Benjamin, 1968 . 

Television and Films 
38. I t i s convenien t t o conside r thes e tw o media together . Anything tha t ca n be 

put on film ca n be televised (includin g colou r fil m o n colou r television —  at a  price!); 
and an y televisio n progra m ca n b e recorded o n fil m an d used through a  normal fil m 
projector. However , ther e ar e a  number o f importan t difference s i n the use of thes e 
media. Film s hav e th e potentia l fo r fa r greate r visua l quality ; bu t televisio n ha s the 
advantage i n flexibilit y o f transmission , an d i n permittin g widesprea d simultaneou s 
use —  sometime s b y million s o f student s a t th e sam e time , a s happened wit h th e 
well-known "Continenta l Classroom " series in the United States . 

39. I t i s likel y tha t ever y countr y whic h ha s publi c televisio n ha s use d (o r wil l 
use) thi s mediu m a t som e tim e o r othe r fo r educationa l purposes , and tha t thi s will 
include the teaching of mathematics. A few years ago some educational administrator s 
were enthusiastically hailin g television a s the future "solution " to th e teacher suppl y 
problem, bu t thi s ha s no t happened . A s fa r a s mathematic s i s concerned , ther e ar e 
severe limitation s to the use of television . By far th e greatest amoun t o f communica -
tion i n th e mathematic s classroo m i s b y mean s o f a  mixtur e o f visua l an d aura l 
stimuli, wit h th e visua l predominating . Excep t i n th e ver y simples t situation s i t i s 
necessary t o hav e i n vie w (o r availabl e fo r bein g viewe d a t a  glance ) mor e visua l 
information tha n ca n b e carrie d o n a  standar d (2 5 inc h o r less ) televisio n screen . 
And th e us e o f som e o f th e very larg e screen television projection device s which are 
now availabl e (a t considerabl e cost ) doe s no t help , becaus e o f th e natur e o f th e 
television pictur e wit h it s relativel y smal l numbe r o f pictur e line s t o th e fram e -
usually i n th e neighbourhoo d o f fiv e hundre d t o seve n hundred . When this image is 
enlarged u p t o theatre-scree n siz e th e lin e spacin g i s increased , an d i n orde r t o 
smooth ou t thes e discontinuitie s th e viewe r mus t increas e hi s distanc e fro m th e 
screen. Al l tha t i s gaine d i s th e possibilit y o f havin g man y peopl e vie w th e sam e 
screen a t once , instea d o f havin g a  larg e clas s grouped fo r viewing around a  number 
of smal l screens. 
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40. I t i s wel l know n tha t seemingl y irrelevan t psychologica l factor s ca n be very 
important i n th e learnin g process. For example , many educator s have suggested tha t 
the effectiv e us e o f televisio n fo r educationa l purpose s i s hampered b y the fac t tha t 
we ar e conditione d t o it s dominant us e for entertainment . I t woul d b e interesting t o 
see carefu l experimentatio n i n th e us e o f televisio n fo r education , i n societie s tha t 
have no t alread y bee n "contaminated " b y it s us e fo r othe r purposes . This is not t o 
suggest tha t th e us e o f thi s medium fo r it s present (largel y entertainmen t an d adver -
tising) purposes might be curtailed, but if we are to try to understand th e potentialitie s 
of television for education we might learn something from th e study o f the "extreme " 
situation i n which i t i s not use d fo r an y othe r purpose . 

41. Lik e man y o f you , w e i n Australi a hav e experimente d wit h th e productio n 
and us e o f mathematic s program s o n television . I t i s possible by carefu l plannin g t o 
adjust t o th e sever e restrictio n o n writte n visua l material, but I  do not kno w o f an y 
television teache r o f mathematic s wh o di d no t fee l tha t thi s limitatio n hampere d 
his effectiveness . Th e limitatio n become s mor e seriou s a s th e leve l o f instructio n 
increases, an d a t th e tertiar y leve l (wher e on e frequentl y cover s man y chalkboard s 
with a single mathematical development , wit h frequen t referenc e bac k t o earlie r part s 
of the development ) th e medium ha s very littl e value at all . 

42. I n considerin g th e potentialit y o f televisio n fo r mathematic s instruction th e 
limitation o f writin g spac e i s the aspec t whic h immediately strike s the mathematic s 
teacher, an d thi s i s probabl y th e singl e mos t importan t reaso n fo r th e lac k o f 
enthusiasm whic h mos t mathematician s hav e fo r th e medium . I t i s instructiv e t o 
compare thi s wit h th e enthusias m o f som e of ou r scientis t colleagues , and t o remin d 
ourselves of some of the reasons. Scientist s like television fo r it s ability t o sho w wha t 
is happening i n som e inaccessibl e place ; for it s ability t o magnify fo r th e clas s some 
detail o f a n experiment , suc h a s th e behaviou r o f bacteri a a s viewed unde r a  micro-
scope; for its ability t o provid e a  close-up picture in a  potentially dangerou s situatio n 
— as in chemistry, or in dealing with radioactive materials ; for it s ability t o show wha t 
is happenin g i n a n environmen t whic h mus t b e kep t steril e —  as i n a  surgica l 
operation; an d s o on . Bu t non e o f thes e specia l use s i s relevan t t o mathematics : a 
mathematical derivatio n o r formul a i s no t dangerous ; i t doe s no t nee d t o b e kep t 
in a  steril e environment ; an d i t gains nothing in logical clarity b y being magnified o r 
viewed i n clos e up . Thu s no t onl y doe s televisio n "cram p th e style " o f a  mathe -
matics teacher , bu t ther e i s n o eas y wa y i n whic h th e mathematic s teache r —  i n 
contrast t o th e teache r o f scienc e —  ca n significantl y exploi t man y o f the potentia -
lities of th e medium . 

43. Thi s is not t o sa y tha t televisio n ha s no place in the teaching of mathematics . 
Much elementar y mathematic s teachin g i s related t o the rea l world . Demonstration s 
with concrete materials , relevant experiments , animation , an d s o on, can be recorde d 
and use d vi a televisio n (jus t a s they ca n vi a film ) i n orde r to supplemen t classroo m 
experiences. When used fo r thi s purpose th e television pictur e los s in quality , a s com-
pared wit h film , bu t i t ha s th e advantag e o f bein g abl e t o sho w a  situatio n i n rea l 
time (i.e . whil e i t i s happening) ; an d i t has the advantag e i n the eas e with whic h th e 
number o f simultaneou s viewer s ca n b e multiplie d indefinitely , usin g close d circui t 
or broadcast transmission . 
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44. A  few year s ago, in the Stat e in which I  live, a new mathematics program wa s 
being introduce d i n th e secondar y schools . Wit h th e technica l assistanc e o f th e 
Australian Broadcasting Commission, our Mathematical Association produce d a  series 
of thirt y half-hou r televisio n programs . Eac h o f thes e wa s broadcas t t o school s o n 
three separat e occasions , s o tha t th e school s coul d choos e thei r own viewing times. 
These program s wer e ostensibl y directe d a t students . But i t wa s the opinio n o f mos t 
of thos e wh o wer e associate d wit h thi s projec t tha t it s greates t valu e la y i n th e 
assistance whic h i t gav e t o teachers , a s indirec t inservic e training . A  correspondin g 
conclusion ha s been reached b y other s in similar situations . 

45. Lookin g ahead , i t seem s saf e t o sa y tha t th e usefulnes s o f televisio n fo r 
allowing larg e number s o f simultaneou s users , for th e exploitation o f visual materia l 
other tha n mer e writin g or printing , and fo r teache r inservice training, together wit h 
the possibilit y o f recordin g an d re-usin g material , wil l resul t i n a steadily increasin g 
use o f th e mediu m a s a n ai d t o th e learnin g o f mathematics . I t i s t o be hoped tha t 
this us e wil l b e bot h critica l an d selective , an d tha t way s might b e found t o exploi t 
the rea l potentialitie s o f th e mediu m —  thos e thing s whic h ca n b e bette r don e b y 
television than i n any othe r way . 

46. A  usefu l overvie w o f th e us e o f televisio n i n mathematica l educatio n i n the 
United State s i s given i n a  recent report 18 o f a  conference o n "Televisio n i n Mathe-
matics Education" , sponsore d b y th e Nationa l Cente r fo r Schoo l an d Colleg e 
Television. After viewing much of the very considerabl e volume o f recorded televisio n 
material (fo r mathematics ) whic h i s available in the Unite d States , it wa s the opinio n 
of th e viewin g pane l tha t negligibl e us e ha d bee n mad e o f th e rea l potentialitie s o f 
the mediu m an d that , o n presen t evidence , televisio n shoul d no t b e use d a s a basic 
resource fo r mathematic s instruction , bu t onl y a s a  specia l purpos e supplementar y 
resource. Bu t ther e i s much mor e to thi s report , and I  strongly recommend tha t yo u 
read i t yourselves . 

47. Ther e i s one furthe r us e of television tha t I  wish to mention . Thi s is as an aid 
in th e pedagogi c trainin g o f teachers . A  coupl e o f year s ago , whe n a t Stanfor d 
University, I  saw relatively chea p videotape recordin g and playback equipmen t bein g 
used i n connectio n wit h teache r training , i n muc h the sam e way that tape s are used 
in a  languag e laboratory . Videotap e wa s use d t o recor d practic e lessons , or parts of 
lessons. (Th e "students " wer e fello w trainees , bu t rea l classes coul d b e used , wit h 
some modifications) . Thes e wer e the n playe d bac k an d discusse d an d criticise d i n a 
seminar situation . Playbac k coul d b e immediate ; i t coul d b e stoppe d a t an y point , 
repeated, an d s o on . Thi s appeale d t o m e a s an immensely valuable tool fo r teache r 
training. Mos t o f u s ar e rathe r appalle d a t th e qualit y o f ou r ow n voic e o n a  tap e 
recorder. I am sure that we would be even more humbled by the pedagogic deficiencie s 
which woul d b e disclosed b y videotape recordings of ou r clas s teaching. 

48. Wit h films , a s wit h television , i t i s relatively eas y t o record a  standard class -
room situation, and thi s has been don e extensively . Mos t o f the offering s i n the 196 3 
listing an d review 19 o f mathematic s films , an d i n th e 196 7 listing 20 o f broadcas t 
television offering s i n mathematic s (bot h sponsore d b y th e Nationa l Counci l o f 
Teachers o f Mathematics ) ar e o f thi s type . Bu t thi s simpl e an d direc t approac h 
makes n o significan t us e o f th e rea l potentia l o f th e fil m medium , an d a  number o f 
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projects hav e bee n undertake n i n an effor t t o d o better . The common experienc e o f 
most o f th e group s whic h have attempted t o com e t o grips with thi s problem i s that 
it i s enormously difficul t an d costl y t o produce a  really satisfyin g product . 

49. On e o f th e mos t informative , an d bes t documented 21 fil m project s i s th e 
so-called "Leve l I  Project" o f the Mathematica l Associatio n o f America' s Committe e 
on Educationa l Media . Th e origina l objective s o f thi s projec t wer e to prepare 5 0 t o 
60 forty-fiv e minut e film s whic h woul d provid e th e majo r expositor y portio n o f an 
undergraduate colleg e cours e i n numbe r systems , designe d primaril y fo r us e i n th e 
pre-service trainin g o f elementary schoo l teachers of mathematics . The film s wer e t o 
be accompanie d b y tex t materials , proble m sets , sample examinations, programme d 
material, and s o on, (a true multi-media approach) , and t o b e supplemented b y class-
room discussions , proble m sessions , an d examinations . Ever y effor t wa s to be mad e 
to "us e th e potentia l o f the fil m mediu m fo r animatio n an d specia l effects" an d du e 
attention wa s t o b e pai d t o "th e importanc e o f th e individua l teacher , whos e 
personality and enthusiasm must shine out throug h th e fil m i n a way that i t canno t i n 
a text" . 

50. A s the projec t developed , fro m th e summe r o f 1964 , the member s began t o 
appreciate th e enormit y o f th e tas k the y ha d undertaken . The origina l scope of th e 
project wa s significantl y reduced , an d i t wa s onl y du e t o th e dedicate d effort s o f a 
few individual s —  suc h wel l know n me n a s Car l Allendoerfe r an d Juliu s Hlavat y -
that th e reduce d projec t wa s brough t t o completion . Durin g the Conference I  hope 
to sho w som e o f th e film s (whic h ar e availabl e fo r purchas e o r fo r rental : see 22 ) 
from thi s project . 

51. Th e repor t o f thi s projec t shoul d b e require d readin g fo r an y grou p con -
templating th e productio n o f mathematic s film s an d fil m strip s a s par t o f a  multi -
media approac h t o th e teachin g o f mathematics . Whil e th e diminishe d projec t was , 
in a  sense , completed , th e wor k don e suggeste d man y mor e line s o f activit y whic h 
could no t b e pursue d becaus e o f limite d resources . N o attemp t wa s mad e to deter -
mine th e bes t mi x o f th e medi a use d (films , fil m strips , text, programmed material , 
live teacher ) —  indee d th e repor t suggest s tha t wha t i s "best " i s likely to vary fro m 
class t o class , an d eve n fro m studen t t o student . A s fa r a s films ar e concerned , a 
major conclusio n o f th e repor t i s that th e cos t o f making a polished productio n o f a 
full serie s o f lon g film s (essentiall y a s filme d lectures , supplemente d wit h variou s 
props) woul d b e ver y high , and tha t th e money coul d b e better spen t in other ways . 
On th e othe r hand , som e value is seen in the use of shorte r film s fo r motivation , an d 
as aid s t o th e intuition ; bu t th e author o f the report i s careful t o poin t ou t tha t thi s 
tentative conclusio n ha s no t bee n carefull y an d objectivel y evaluated . Animation i s 
seen a s highly suitabl e fo r mos t mathematic s films;  but film s o f "stand-u p lectures " 
are see n a s largely ineffectiv e fo r th e learnin g o f mathematics , although they migh t 
be o f grea t valu e fo r othe r —  e.g . archiva l —  reasons . (Conside r th e valu e o f a  fil m 
showing Gauss or Newton —  or even, alas, Einstein —  as a teacher). 

52. Th e M.A.A . Projec t i s a  pionee r i n it s attemp t t o exploi t th e ful l poten -
tialities o f th e fil m medium , a s par t o f a  multi-medi a approach . Ther e i s n o doub t 
that muc h mor e wil l b e hear d abou t thi s typ e o f approach ; bu t i t i s alread y clea r 
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that a  grea t dea l o f wor k wil l hav e t o b e don e befor e w e are in a position t o under -
stand an d exploi t i t fully . 

Radio 
53. A  fe w month s ag o I  wa s awar e o f onl y tw o recen t project s concernin g th e 

use o f radi o a s a  resourc e fo r learnin g mathematics . Th e firs t (whic h i s run b y th e 
University of New South Wales , using its campus radio station ) has two components : 
one o f thes e i s a  remedia l cours e designe d t o bridg e som e gaps in the mathematica l 
education o f student s wh o ar e abou t t o ente r th e University ; th e othe r i s a n in -
service cours e fo r teachers . The broadcasts are keyed t o writte n material s (whic h ar e 
sent out in advance t o enrolled students) , and i t is not likel y tha t the y hav e any value 
for thos e no t i n possessio n o f th e writte n materials . M y colleague s i n Sydney see m 
to b e reasonabl y satisfie d tha t thes e programs are useful fo r th e specia l purposes fo r 
which the y ar e planned : tha t is , to reac h a  large audienc e a t ver y lo w cost ; an d t o 
give the m a  somewha t mor e persona l stimulu s tha n the y woul d obtai n fro m usin g 
written material s alone . Excep t fo r th e differenc e i n cost , thi s two-media approac h 
(radio an d keye d text ) woul d see m t o hav e n o advantage s ove r television , an d thi s 
is, no doubt , the reason wh y thi s sor t o f program ha s received very littl e attention . 

54. A  secon d exampl e o f a  projec t whic h use s radi o and supplementar y writte n 
materials, i s th e fairl y recen t introduction , i n Australia , o f "School s o f th e Air" . 
In th e stat e o f Wester n Australi a abou t 500,00 0 squar e mile s (roughl y hal f o f th e 
area o f th e state ) i s covere d b y broadcast s fro m fou r transmittin g schoo l centres . 
These broadcast s ar e designe d t o assis t th e correspondenc e schoo l educatio n o f 
children wh o liv e i n suc h isolatio n tha t ther e ar e no t enoug h o f the m livin g i n a n 
area of many thousand square miles to justify th e establishment o f eve n a  one-teacher 
primary school . I n additio n t o th e correspondenc e wor k (whic h ha s bee n operate d 
by th e Stat e Education Departmen t ove r a long period o f time) , "School o f th e Air " 
broadcasts (usin g 2-wa y radi o transceivers ) wer e begun in 1959 , in conjunction wit h 
the us e o f th e sam e radi o equipmen t a s par t o f th e Roya l Flyin g Docto r Service . 
These broadcasts , whic h ru n fo r 2½  hour s o n eac h schoo l day , cove r th e whol e o f 
the primar y schoo l program , includin g mathematics . Thei r two-wa y characte r i s 
an importan t par t o f th e project , permittin g a  significan t amoun t o f direc t "fee d 
back" fro m studen t t o teacher . As the number o f student s a t any on e point (usuall y 
a cattl e station ) i s generally les s tha n five , th e per studen t capita l cos t o f the equip -
ment i s relativel y high . Bu t th e cos t i s partl y justifie d b y th e paralle l us e o f th e 
equipment fo r medica l services . Th e whol e operatio n cover s abou t 20 0 student s 
spread ove r seve n grades . I t involve s abou t 1 0 teachers , wh o also handle the corres -
pondence work . Som e of th e othe r Australia n state s have similar projects . 

55. Jus t recentl y I  cam e acros s anothe r report 23 o f a n experimen t i n th e us e 
of radi o a s a n ai d i n th e teachin g o f mathematic s i n Wisconsin , U.S.A . This experi-
ment consiste d o f a  fifteen-minut e broadcast , no t keye d t o an y particula r writte n 
material (i.e . it was self-contained), an d neither the topic nor the scrip t wa s available 
in advance . Th e experimenter s reache d th e conclusio n (base d o n replie s t o a 
questionnaire) tha t thi s procedur e coul d b e a  usefu l supplemen t t o th e regula r in -
class teaching program. I t i s difficult t o se e that radio , as such, played an y significan t 
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role i n th e experiment ; possibly th e sam e result coul d hav e been achieved b y the use 
of a  tape o r phonograph recording . 

Structured Aids , Analogy Device s and other Classroom Materials 
56. Th e material s whic h com e unde r thi s headin g are , presumably , covere d b y 

the "etc. " i n m y term s o f reference . Thei r relevance i s greatest a t (bu t b y n o mean s 
confined to ) th e primar y level , an d fo r thi s reaso n I  have no t ha d an y significan t 
involvement with any of them, except , o f course , those whic h w e also use extensivel y 
at th e tertiar y level . (e.g . chalkboards , computer s an d othe r calculatin g devices , 
overhead projectors) . I  a m sur e tha t man y o f you wil l be much mor e familia r tha n I 
am wit h th e ever-growin g variet y o f structure d aid s no w available . Cuisenair e rods , 
Stern materials , attribut e blocks , Dienes ' multibas e arithmeti c blocks , pegboards , 
number balances , mirro r cards , discover y boards , geoboards , abaci , slid e rules, desk 
calculators, an d s o on . Man y o f thes e device s hav e thei r origi n i n th e imaginativ e 
ideas o f gifte d teachers , an d i n th e discoverie s an d theorie s o f chil d psychologist s 
concerning th e learnin g processe s o f children . I n additio n t o th e wel l know n (an d 
commercially available) devices , there ar e undoubtedly thousand s o f home mad e and 
readily availabl e material s whic h ar e bein g exploite d b y imaginative teacher s as aids 
in th e learnin g o f mathematics . Th e Nuffiel d Mathematic s Project 12 place s grea t 
emphasis o n th e us e o f commonl y availabl e resource s i n the schoo l and in the com -
munity: a  grea t man y o f th e "mathematic s tasks " designe d b y it s teacher s fo r th e 
early (an d fo r th e not-so-early ) schoo l years , involv e th e handlin g o f physica l 
materials. Man y o f th e leader s i n mathematic s educatio n fo r th e primar y grade s 
(e.g. Rober t Davis 4 ) believ e tha t th e Nuffiel d Projec t i s carvin g ou t a  pat h whic h 
will b e increasingl y followe d i n th e future . Thi s is not reall y surprisin g i f we believe 
that th e environmen t i n which we live has present significanc e i n relation t o persona l 
mathematical development , a s wel l a s it s wel l know n historica l rol e i n the develop -
ment o f mathematics . 

57. I t seem s safe t o predic t that , along with an increasing use of the environmen t 
(possibly throug h integrate d scienc e an d mathematic s programs) , w e wil l se e a n 
increasing us e o f specific , carefull y devised , analogy-devices , suc h a s th e Stern , 
Cuisenaire, an d Diene s materials , an d tha t th e mos t effectiv e teachin g wil l make use 
of al l of thes e and the many othe r teaching aids which are , or wil l become, available . 
It i s mos t unlikel y tha t th e pat h t o succes s will lie in the exclusive use of an y singl e 
device. 

58. I  conclud e thi s sectio n wit h a  short readin g list o f som e of the bette r know n 
books on the us e of concret e materials : 

Stern, C. Children Discover  Arithmetic.  London , Harrap , 1958 . 
Stern, C. Experimenting with  Numbers.  Ne w York, Houghton Mifflin , 1954 . 
Cuisenaire, G., & Gattegno, C. Numbers in  Colour.  London , Heinemann , 1954 . 
Dienes, Z.P. Building Up  Mathematics. London , Hutchinson , 1960 . 
Dienes, Z.P. The  Power of  Mathematics.  London , Hutchinson , 1963 . 
Dienes, Z.P . An Experimental  Study  of  Mathematics Learning.  London , Hutchin -
son, 1963 . 
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Dienes, Z.P. Mathematics in  the  Primary School  Melbourne , Macmillan, 1964 . 
Sealey, L.G.W . The  Creative  Use  of  Mathematics  in  the  Junior  School  Oxford , 
Blackwell, 1960 . 

Computer-Assisted Learnin g 
59. N o discussio n o f th e resource s fo r learnin g mathematic s ca n ignor e th e 

exciting ne w development s o f th e las t fe w year s in the use of computer s a s learning 
aids. Thi s i s th e secon d wa y i n whic h computer s ar e goin g t o hav e a  majo r impac t 
on mathematic s education . (Th e first , whic h wil l undoubtedly b e discussed i n othe r 
plenary sessions , is the impac t o f th e compute r o n the curriculu m itself) . 

60. Amon g th e bes t known experimenta l project s whic h use digita l computers as 
teaching aid s ar e thos e o f Dr . Patric k Suppes , a t Stanford ; an d Projec t Plato , a t th e 
University of Illinois . (See Reference 4  ). Roughly speaking , the compute r i s used a s a 
programmed learnin g device . A  larg e time-share d compute r ca n b e programme d t o 
give a  degre e o f flexibility  whic h woul d requir e man y thousand s o f page s of printe d 
matter, and which would b e forbiddingly difficul t t o follow . Th e compute r ca n make 
virtually instantaneou s shift s t o differen t part s o f th e program , guide d b y the mos t 
recent answe r whic h th e studen t give s (o r eve n b y a  larg e numbe r o f previou s 
answers). Moreove r th e growin g capacit y o f computer s makes it possibl e to envisag e 
(as in Project Plato) as many a s 6,000 simultaneou s users (located i n schools , universi-
ties, o r eve n i n thei r ow n home s an d offices ) o f th e on e progra m o n th e sam e 
computer. An d whil e doin g al l thi s th e compute r ca n stor e complet e records of th e 
responses o f ever y individual , an d prin t ou t thes e (o r any pre-determine d analysi s of 
them) on command . 

61. Thu s th e compute r hold s ou t th e prospec t o f providin g a  vastl y greate r 
individualisation o f teaching , limite d onl y b y th e capacit y o f th e compute r an d b y 
the imaginatio n an d skil l o f th e teacher-programmers . Moreove r i t promise s t o give 
the teache r a n almos t unlimite d capacit y fo r keepin g record s i n immediately acces -
sible for m o n eac h individua l student . Whil e i t i s no t likel y tha t an y foreseeabl e 
computer wil l achiev e th e flexibilit y o f respons e o f a  superior teacher wh o has only 
one student , computer-assiste d instructio n hold s ou t grea t promis e fo r significan t 
progress i n th e directio n o f tailorin g the education o f each individual studen t t o sui t 
his own capabilitie s and hi s personal requirements ; and, properly programmed , i t ca n 
even assist in determining thes e capacitie s and needs . 

62. A t th e presen t tim e th e wor k bein g don e i s almos t entirel y experimental , 
and the cost i s high. But thi s is falling steadil y wit h technologica l advances , and ther e 
is littl e doub t tha t computer-assiste d learnin g wil l be increasingly use d in our educa -
tional systems . A t least , a s Rober t Davi s ha s pointe d out , thi s seem s t o b e th e 
view o f severa l o f th e larg e America n companie s wit h compute r interests , man y o f 
whom hav e recentl y bought , o r merge d with , book publisher s and manufacturer s o f 
other educationa l materials . 

Evaluation 
63. Evaluatio n o f th e effectivenes s o f an y educationa l program , curriculu m o r 

learning resourc e i s enormousl y difficult , an d ye t enormousl y important . Probabl y 
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no on e ha s bee n mor e awar e o f th e nee d fo r som e measure s o f effectivenes s tha n 
Dr. E.G . Begle , Directo r o f th e Schoo l Mathematic s Stud y Group . Ye t i n a  recen t 
issue (March , 1968 ) o f The  Mathematics  Teacher,  i n reference (inte r alia ) to investi-
gations b y hi s ow n grou p o f th e effectivenes s o f a  programmed algebr a course , h e 
writes "Non e o f th e abov e ca n b e considere d t o b e properly designe d an d execute d 
experiments .. . important variable s were either ignored o r left unmeasure d .. . contro l 
over treatment s wa s no t alway s feasibl e .. . th e purpos e o f the studie s was to obtai n 
rough estimates.. . . " 

64. I t i s safe t o sa y tha t th e same comments could b e made abou t virtually ever y 
effort whic h ha s bee n mad e t o evaluat e th e effectivenes s o f ne w curricula , o r th e 
usefulness of the growing number o f teaching aids and othe r learning resources. Som e 
idea o f th e difficult y an d th e cos t o f a  fairly wel l designed an d wel l executed experi -
mental program ca n be gauged fro m tw o recen t majo r studie s concerned wit h mathe -
matics education . On e o f thes e i s th e twelve-countr y UNESCO-sponsore d "Inter -
national Stud y o f Achievemen t i n Mathematics" , whos e tw o volum e report 24 i s 
notable for what it discloses about the difficulties an d shortcoming s o f suc h a  venture, 
and fo r th e modest y o f it s claim s concernin g wha t ha s been "proved" . Th e othe r is 
the Nationa l Longitudina l Stud y o f Mathematica l Abilities , a  projec t o f the Schoo l 
Mathematics Stud y Group . This was designed (i n 1962 ) as a five yea r study t o assess 
the effectivenes s o f ne w mathematic s curricula . Th e repor t o f thi s massiv e projec t 
(involving well over 100,00 0 students , from som e 1,30 0 schools , at a  cost o f million s 
of dollars ) is awaited wit h great interest . 

65. Th e lesso n t o b e learn t fro m thes e majo r project s i s not  tha t evaluatio n 
is so difficul t tha t w e should no t bothe r t o attempt it . I t i s essential tha t thos e using 
new learnin g resource s shoul d adop t a n experimenta l an d critica l attitude , and tha t 
they shoul d attemp t t o for m som e idea of the effectiveness o f the resource fo r the m 
and fo r thei r ow n students ; but a t the sam e time they shoul d b e aware o f the largel y 
subjective character , an d th e limitations , o f presen t method s o f evaluation . I n view 
of thes e limitations , i t i s particularl y importan t t o bewar e o f thos e educationa l 
conservatives wh o refus e t o participat e i n an y kin d o f innovation unti l its effective -
ness has been "proved" . I t i s safe t o sa y that absolut e "proof " wil l never be possible, 
and ye t innovation s mus t b e made , guide d b y the collectiv e wisdo m an d experienc e 
of mathematicians, teachers and educationa l administrators . 

Summing u p 
66. Wha t doe s thi s al l ad d up to? I t seem s to me that ther e wil l be a  growing use 

of physica l an d othe r "rea l world " aid s t o instructio n (bot h i n th e classroo m an d 
outside it ) a t th e elementar y level , and tha t thi s wil l be more closel y associated tha n 
it ha s bee n wit h experience s i n "science" . Thi s wil l no t supplan t th e curren t an d 
growing emphasi s o n "structure" , bu t rathe r i t wil l provide the concret e experience s 
from whic h t o abstract , and i t wil l provide tha t evidenc e o f "usefulness " whic h mos t 
children see m t o desire . At al l levels this wil l be increasingly supporte d b y a  growing 
sophistication i n th e desig n o f textbook s an d programme d materials , and i n the use 
of ne w an d existin g communications media o f al l types -  teachers , books, overhead -
projector transparencies , film s an d fil m strips , television , computer s etc . I  d o no t 
see an y particula r resourc e o r mediu m a s predominating , bu t rathe r tha t ther e wil l 
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be a  wide r an d mor e carefull y planne d multi-resourc e an d multi-medi a approac h — 
the kin d o f approach tha t goo d teacher s have always used wit h th e limited resource s 
and medi a availabl e t o them . Perhap s i n som e distan t generation , whe n w e migh t 
have reache d agreemen t o n th e aim s o f mathematica l educatio n (individualise d 
to th e need , th e abilit y an d th e personalit y o f eac h student) , an d whe n w e migh t 
have mastere d th e problem s o f measurin g th e effectivenes s o f differen t curricula , 
resources, an d medi a i n achievin g thes e aims , w e wil l b e abl e t o pu t ou r computer s 
to wor k t o devis e an d contro l th e optimu m educationa l mi x fo r eac h student . Bu t 
this possibilit y i s s o remot e tha t w e shoul d no t le t i t spoi l our pleasan t anticipatio n 
of many mor e Conferences suc h as this. 
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REPORT OF WORKING GROUP B.3 

Chairman: Professo r R.S . Varma (India ) 

67. Resource s fo r learnin g mathematic s a s discussed b y Group B. 3 are presente d 
in the followin g orde r -

(a) Book s 
(b) Audio-Visua l Aids -  Films , Film Strips , T.V., Radio , etc. 
(c) Programme d Learnin g 
(d) Lo w Cost Teaching Aids and Demonstratio n Equipmen t 
(e) Resource s involved i n Mathematical Educatio n a t differen t level s 
(f) Som e Additional Resource s 

Books 
68. Som e criticis m wa s expressed as to the typ e and ag e of som e of th e textbook s 

in us e i n som e developin g countries . Th e genera l feelin g wa s tha t withi n a  regio n 
attempts shoul d b e mad e t o us e an d i f necessar y t o writ e textbook s writte n alon g 
modern line s appropriat e t o thei r needs , an d i t wa s pleasin g t o hea r report s fro m 
some area s tha t thi s wa s alread y i n hand , an d wa s being successfully pursued . It was 
thought tha t eac h countr y shoul d procee d a s i t though t fit , seekin g hel p fro m th e 
developed countrie s i f necessary . Ther e migh t wel l b e a  need fo r internationa l co -
operation, for example , in the disseminatio n o f knowledge abou t availabl e book s and 
it wa s considere d desirabl e t o pu t o n tou r collection s o f ne w books which coul d b e 
circulated fro m countr y t o countr y an d even within a  country itself . 

69. Member s emphasized th e need fo r varyin g categories of books : -

(i) Book s mean t fo r pupils . Thes e coul d b e eithe r textbooks , o r smal l topi c 
books, o r book s o f referenc e t o which student s could refer , a s well as attrac-
tive reading books on mathematica l topics . 

(ii) Ther e i s need fo r book s o f referenc e fo r teacher s bot h o n the purely mathe -
matical fron t an d o n th e teachin g fron t whic h would sugges t suc h things as: 
(a) moder n teachin g —  approaches , (b ) suggestion s for th e making and usin g 
of apparatus . 

The vie w wa s expresse d tha t ther e wa s a  place fo r book s o n moder n method s of 
teaching mathematics as well as modern content . 

70. Th e nee d fo r backgroun d book s whic h woul d enric h th e mathematica l 
imagination o f pupil s an d teacher s wa s emphasized Book s o f thi s kin d suitabl e fo r 
pupils below th e standar d o f th e ordinary leve l examination wer e now available . 

Audio Visual Aids -  Film , Film Strips , Television, Radio 
71. Th e Oversea Visual Aids Centre (O.V.A.C. ) Tavistock House , South Tavistoc k 

Square, London , W.C.1. , wa s establishe d som e five years ago in orde r t o disseminat e 
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information abou t visua l aids , thei r consideratio n an d use . I t publishe s a  bulletin , 
details of whic h ca n b e had from th e above address . 

72. Th e us e o f slides , colou r o r otherwise , wa s discussed , bu t i t wa s fel t tha t i n 
the contex t o f mathematic s teaching , a  slid e projecto r wa s o f ver y limite d use , and 
was i n fac t bein g supersede d b y th e overhead projector . Th e advantages of th e over -
head projecto r wer e said to be: -

(a) Tha t no t onl y coul d straigh t picture s b e pu t on , bu t a  sequenc e o f trans -
parencies could b e used t o buil d u p a composite pictur e a s a lesson proceeds . 

(b) Th e structur e o f suc h overhea d projector s make s i t possibl e fo r shadow s o f 
solid objects to be cast on th e screen . In the teachin g o f motion geometr y thi s 
would prov e a  very valuable visual aid. 

73. Th e rol e o f Television i n mathematics teachin g was discussed a t som e length . 
In thi s respec t televisio n i s stil l evolvin g an d thi s mediu m ha s no t ye t bee n full y 
exploited. That televisio n certainl y canno t replac e a  teacher bu t ca n help to compen -
sate for th e shortag e o f qualified teachers  wa s emphasized . 

Television ca n be used fo r th e following purposes : 

(a) T o explor e region s o f mathematic s whic h len d themselve s (or  could  lend 
themselves) t o visua l interpretation, especiall y o f a  type tha t teacher s canno t 
easily cop e wit h fo r on e reaso n o r another . Th e mean s t o thi s en d ar e ver y 
varied bu t usuall y involv e fil m animation , electroni c wizardry , model s an d 
animated captions . 

(b) T o explor e fres h area s o f mathematic s wit h whic h mos t pupil s an d man y 
teachers migh t no t b e familiar . Thi s ofte n mean s re-interpreting rathe r diffi -
cult book s an d invitin g universit y an d colleg e lecturer s t o th e studio . 
Occasionally i t involve s extensiv e actualit y filmin g (e.g . o f computer s i n 
operation). 

(c) Linke d wit h (b ) is the tas k to explor e the mathematics al l around b y drawin g 
on example s from everyda y lif e and b y showing applications in science, tech-
nology, sociology , etc. Apart fro m th e techniques already mentioned , photo -
graphs are often o f value here . 

(d) T o us e th e mediu m t o "pipe " al l kind s of mathematic s t o school s whic h are 
short o f qualifie d staff . Thi s ca n allo w mor e effectiv e us e o f th e tim e o f 
qualified teacher s either b y themselve s or in some form o f team-teaching . 

(e) T o encourage an d advanc e th e work of slo w learning pupils . Programmes pro -
duced by the B.B.C . for slo w readers using the ful l gamu t o f visua l technique s 
have bee n particularl y successfu l an d i t wa s though t tha t thi s might provid e 
a paralle l fo r th e learning of mathematics b y the slo w learning pupils . One of 
the mos t surprisingl y successfu l device s used fo r encouragin g children' s wor k 
at al l level s o f abilit y ha s bee n tha t o f showin g film s o f othe r childre n 
working. 

(f) T o inform teacher s of development s in the subjec t matte r an d teachin g of th e 
subject usin g all the technique s mentioned above . 

(g) T o act a s a source o f secondar y materia l in the form o f books , films, etc . 
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74. Possibl e uses of video tap e t o record an d supplemen t transmitte d programme s 
were also considered . 

75. I n some areas the programmes were supplemented b y correspondenc e course s 
based o n th e programme material . 

76. Thi s Committe e coul d fin d ver y littl e experienc e o f radi o bein g use d a s a n 
agency fo r mathematic s teaching , bu t i t wa s posed a s a possibility tha t i t might wel l 
be use d i n th e contex t o f th e in-service training of teacher s for critica l discussions of 
television o r other programmes . 

77. I t wa s fel t tha t on e o f th e advantage s o f usin g television and radio , was that 
the wide r audienc e o f parent s an d othe r intereste d partie s coul d b e reache d a s well 
as th e pupil s an d teacher s t o who m th e programm e wa s reall y directed . Thi s wa s 
considered a  grea t advantag e whe n considerin g an y for m o f educationa l chang e 
whether o f mathematical conten t o r of approach . 

78. Som e interestin g experiment s wer e reporte d b y wa y o f two-wa y telephoni c 
links sometime s supporte d b y ingenious electronic visual devices, but i t wa s felt tha t 
these had not ye t realised thei r ful l potentia l an d wer e very experimenta l i n nature . 

Programmed Learnin g 
79. I t wa s pointed ou t tha t th e ideas underlying programme d learnin g had bee n a 

valuable teachin g techniqu e fo r man y years . What , however, was new. was an influ x 
of hardware and/o r book s which were specifically tightl y programmed . Th e view was 
expressed tha t mos t o f thes e approache s wer e ofte n deadl y dul l i n thei r impac t o n 
pupils, bu t nevertheles s the y ma y fin d a  positiv e us e particularl y i n remedia l 
situations, e.g . t o remed y a  gap in learning due to absence o r some such other cause . 
The poin t wa s mad e tha t n o machine i s better tha n th e programme whic h is fed int o 
it an d i t wa s fel t tha t man y o f th e commercia l programme s di d no t measur e u p t o 
our requirements . I t wa s felt tha t a t bes t suc h machines would facilitat e th e learnin g 
and practic e o f skill s rather tha n th e understanding o f concepts . 

Low Cost Teaching Aids and Demonstration Equipmen t 
80. Wit h regar d t o th e production o f lo w cost teaching aids, the firs t matte r con -

sidered wa s wha t shoul d b e produced , an d i t wa s pointe d ou t tha t mathematica l 
teaching journal s i n th e develope d countrie s ofte n containe d article s and reference s 
about makin g an d usin g suc h aid s an d demonstratio n equipment ; fo r example , 
Mathematics Teachin g No . 18, Journa l o f th e Associatio n o f Teacher s o f Mathe -
matics (U.K. ) i s devote d t o this . A  furthe r sourc e woul d b e th e commercia l cata -
logues fro m schoo l equipmen t firms . I t wa s fel t tha t Ministrie s concerne d i n th e 
various countrie s shoul d encourag e th e loca l productio n o f suc h teachin g aid s an d 
equipment b y whateve r loca l mean s ar e foun d t o b e appropriat e i n thei r circum -
stances. 

81. Som e suggestions (minimal ) with regards to equipment wer e made:-

(1) Squared  Paper:  Variou s problem s woul d deman d square d pape r o f differen t 
unit square s and , therefore , a  variety  o f square d paper s shoul d b e available. 
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A blackboar d o r othe r boar d rule d i n square s t o b e use d fo r demonstratio n 
purposes should als o be available . 

(2) Physical  Apparatus:  I t wa s fel t tha t som e for m o f co-ordinate s boar d wa s a 
very usefu l feature . Nail s a t th e corner s o f congruen t square s coverin g a 
board for m a  pi n boar d (pe g board , ge o board , lattic e board ) whic h ca n b e 
used throughou t al l school grades. 

(3) Squares  and  Cubes:  A  larg e collectio n o f square s an d o f cube s fo r us e b y 
pupils wa s essential . Som e o f thes e shoul d b e uni t squares , e.g . square inch ; 
and uni t cubes , e.g. cubic inch. 

(4) Fraction-boards:  Variou s forms o f fraction-board s fo r developin g th e concep t 
of fractiona l parts . 

This list must b e regarded a s an absolute minimum . 

82. Th e item s ar e capabl e o f bein g mad e locally fro m existin g materials and are , 
therefore, lo w in cost . 

Resources Involved in Mathematical Education at Different Level s 

83. I t was pointed out tha t i n the United Kingdo m a  project wa s in hand t o stud y 
ways an d means of organisin g work in schools so as to make th e bes t use of teachers ' 
skills an d ne w development s i n metho d an d equipment . Th e project wa s established 
in 196 6 an d i s finance d b y Nuffiel d Foundatio n i n co-operatio n wit h th e School s 
Council. Furthe r informatio n ca n b e obtaine d fro m Mr . T . McMullen . Tavistoc k 
House, South Tavistoc k Square , London, W.C.l . 

The group fel t th e necessity t o stat e prioritie s in matters o f resources : 

Primary School : th e prioritie s were thought t o be: -
( 1 ) Qualifie d Teachers . 
(2) Material s arisin g fro m environment . Thi s variousl y coul d b e se a shells , 

mangoes, etc. 
(3) Book s (text , reading, reference) . 

Secondary School : th e prioritie s wer e ordered rathe r differentl y as : 
( 1 ) Qualifie d Teachers . 
(2) Book s (text , reading, reference) . 
(3) Physica l Equipment . 

Some Additional Resource s 
84. Buildings , des k calculator s an d compute r assiste d learnin g wer e mentioned , 

but coul d no t b e discussed fo r wan t o f time . 

85. Th e grou p was unanimous that th e most importan t resourc e fo r teachin g was 
the teacher . 
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PLENARY DISCUSSIO N OF REPORT OF WORKING GROUP B.3 
Comments an d Surve y 

86. A s wa s pointe d ou t b y Professo r Varm a whe n presentin g th e repor t t o th e 
plenary session , s o vas t a  topi c resulte d i n th e discussio n covering  onl y par t o f th e 
field. 

Resources coul d b e see n t o serv e Primar y Education , Secondar y Educatio n an d 
Teacher Training . Reference s t o specifi c resource s wer e containe d i n th e report s of 
groups A.1, A.2 and B.2. This to som e extent helpe d t o narrow th e discussion s under -
taken. 

87. Attentio n wa s draw n t o Moder n Curriculu m Development s i n Britai n pub -
lished b y CRED O i n 1968 . Thi s wa s regarde d a s a  usefu l sourc e boo k fo r thos e 
seeking detail s of Britis h educationa l projects , mathematical an d otherwise . 

88. Educationa l technolog y i s advancin g a t a  pac e comparabl e t o othe r techno -
logical developments . I t wa s in the spiri t o f "Wha t i s new and strang e toda y become s 
an everyday affair ver y quickly", that delegates heard with interes t o f the "hardware" , 
being introduce d i n som e countries . Fo r variou s reasons , including th e econom y o f 
the country, th e lac k of electric power an d th e depredation s o f som e tropical insects , 
many delegate s fel t tha t an y immediat e applicatio n o f much o f the "hardware " was 
not fo r them . I t was , however , note d tha t i n som e developin g countries , televisio n 
had bee n introduce d a s a n educationa l medium , an d tha t severa l countrie s ha d 
instituted centre s fo r audio-visua l aids . I t wa s no t s o muc h i n regar d t o th e medi a 
themselves bu t i n th e us e made o f them tha t fear s wer e expressed. These fears coul d 
be placed in two classes: -

(i) Tha t availabl e material , eithe r goo d o r bad , suitabl e o r unsuitable , would b e 
uncritically accepte d i n the schools . Such uncritical acceptance woul d no t b e 
in th e bes t interest s eithe r o f th e pupil s o r th e teachers . Th e sam e ca n o f 
course be said fo r th e manner i n which some textbooks ar e used o r misused . 

(ii) Tha t th e radi o o r televisio n voic e woul d b e regarde d a s "th e voic e o f 
authority", an d som e teacher s woul d ten d t o si t bac k an d "le t th e machin e 
do th e work" . Th e teache r bein g replace d b y th e machin e v/a s a n ofte n 
expressed fear ; bu t a s on e delegat e remarke d "Th e teache r wh o ca n b e 
replaced b y a  machine deserve s to b e replaced b y a  machine". 

The remedies for thes e doubt s woul d appea r t o be: -
(i) Tha t teacher s themselve s contro l th e conten t o f th e programmes . Thi s wil l 

later b e discussed a t greate r lengt h whe n considerin g television . 
(ii) Tha t b y initia l an d in-servic e training , teacher s ca n b e helped t o us e moder n 

devices wisel y a s productiv e tool s o f thei r trad e rathe r tha n a s ends in them -
selves. 

It wa s though t tha t i n mathematic s teachin g a  multi-medi a approac h wa s th e 
desirable one ; it wa s for eac h country t o fin d way s of making optimum us e o f al l the 
resources available t o it . 
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A detaile d historica l accoun t o f development s i n th e U.S.A . wil l b e foun d i n 
A History  of  Instructional  Technology,  Pau l Seitler, McGraw Hil l (1968). 

Note was made o f th e existence i n the United Kingdo m o f th e National Council  of 
Educational Technology  operatin g fro m 16 0 Grea t Portlan d Street , London , W.l . 
One o f it s function s i s t o bridg e whateve r ga p ther e ma y b e betwee n th e user s and 
the makers of such teaching aids . 

89. Desk  Calculators  wer e regarde d a s desirabl e bu t expensive . A s calculatin g 
devices, many fel t tha t i t would b e a very long time before the y woul d supersed e th e 
slide-rule o r the logarithm table . More hope wa s held ou t fo r the m a s teaching aids in 
the primar y an d lowe r secondar y school . I t wa s claime d tha t a s wel l a s motivatin g 
learning, th e pupil s wer e helpe d i n graspin g th e concep t o f plac e value ; tha t th e 
relationships betwee n additio n an d subtraction , additio n an d multiplication , sub -
traction an d divisio n wer e clarified , i n tha t the y wer e operativ e procedure s o n th e 
machine. 

90. Computers  and  Computer-assisted Learning.  Where computer studies had bee n 
introduced th e interes t o f th e student s wa s phenomenal . Compute r scienc e experi -
ments wer e reporte d fro m Ontario , Wale s an d England . I n th e cas e o f th e Wels h 
experiment, a telex link had been made between the school and a  university computer . 
The aim o f th e operatio n wa s twofold: -

(i) Usin g th e compute r a s a  computin g too l a t th e V I for m (6t h an d 7t h yea r 
secondary) level . 

(ii) Helpin g pupils of all ability ranges to understand th e applications , implication s 
and limitation s o f computer s rathe r tha n t o lea d pupil s towar d compute r 
programming. 

It wa s though t tha t wor k o n compute r assiste d learnin g wa s no t ye t sufficientl y 
developed fo r it s worth t o b e properly evaluated . Some fear s wer e expressed tha t w e 
might rever t t o th e sor t o f teachin g an d learnin g situatio n fro m whic h w e are no w 
struggling t o escape . Car e woul d b e neede d les t a  straitjacke t o f on e patter n b e re -
placed b y a  straitjacke t o f anothe r pattern . Eve n so , i t wa s fel t tha t th e metho d 
might hav e considerable potentia l fo r certai n aspect s of mathematics . 

91. Television  fo r school s has two separat e connotations: -

(a) Programme s broadcas t o n ope n nationa l networks . 
(b) Close d circui t televisio n withi n a  colleg e o r school , a  group o f schools , 

or perhap s throughou t th e school s o f a  particula r area . A  numbe r o f 
teacher trainin g college s i n Britai n ar e equippe d wit h close d circui t 
television, a s ar e school s i n Glasgow , Leicester , London an d Plymouth , 
to name a  few authoritie s using this medium . 

In th e secon d cas e th e responsibilit y fo r content , programm e making , productio n 
and transmissio n ar e entirel y i n th e hand s o f th e teacher s an d educationa l adviser s 
concerned. Suc h a  se t u p shoul d alla y th e fear s o f thos e wh o ar e critica l o f pro -
grammes being imposed fro m outsid e th e schools . 
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On th e nationa l network s i n th e Unite d Kingdom , th e genera l polic y fo r schoo l 
programmes an d th e scop e an d purpos e o f eac h serie s of programmes are laid dow n 
by council s o n whic h si t representative s o f th e professiona l association s of teachers , 
local educatio n authorities , th e Departmen t o f Educatio n an d Scienc e an d othe r 
educational organisations . Productio n o f programme s an d transmissio n ar e matter s 
for th e broadcastin g authorities . Practisin g teacher s ofte n presen t th e programmes . 
The teacher link s here are again strong . 

The conferenc e backgroun d pape r The  Role of  Television  in  Mathematical Educa-
tion gav e a n expositio n i n som e detai l o f th e curren t situatio n in Britain . I t also dis-
cussed some detail of the Maths Today  serie s of the B.B.C. The 2 0 minute programme s 
are aime d a t firs t an d secon d yea r secondar y pupil s an d eac h programm e i s 
transmitted a t fou r differen t time s i n a  fortnight ; sid e b y sid e wit h thes e pro -
grammes fo r th e pupil s ar e fortnightl y supportin g programme s fo r teacher s i n th e 
Teaching Maths  Today  series . This work i s further supporte d b y the written wor d in 
the for m o f guide s fo r th e teacher s an d work/stud y sheet s fo r th e pupils . Al l thi s 
can b e augmente d b y 8  mm . fil m loop s in cassette s which are on sale. Evaluation o f 
such a multi-media approac h has yet t o b e made. 

It woul d b e difficul t eithe r fo r teache r o r pupi l t o b e a  non-participant i n such a 
widely base d operation . Participatio n wa s perhaps eve n easie r i n a  Scottis h experi -
ment, reporte d b y a  delegat e wher e th e televisio n programme s consiste d o f direc t 
teaching t o pupils . Th e programme s wer e interrupte d a t appropriat e point s —  a t a 
question perhaps, or a point fo r brie f discussio n wit h the teache r in the room . During 
these shor t break s th e teache r too k over , and the n th e programme proceede d t o th e 
next phase . Th e delegat e continue d "Wha t thes e programme s hav e don e t o th e 
teachers ha s bee n remarkabl e -  i t i s perhap s th e bes t trainin g devic e I  hav e eve r 
seen. What it has done for th e childre n I  shall know nex t year" . 

92. Film  loops  wer e though t t o hav e considerabl e potentia l i n tha t ther e wa s 
flexibility i n th e selectio n t o b e mad e an d the y wer e less expensive tha n lon g films . 
Furthermore, individua l wor k assignment s a t varyin g level s coul d b e base d o n a 
suitable fil m loop . Fil m loop s wer e though t mor e usefu l tha n a  norma l film, whic h 
was considere d t o b e bette r fro m th e backgroun d o r enrichment poin t o f vie w tha n 
from th e direc t learnin g viewpoint . 

93. I t wa s natura l tha t th e newe r an d perhap s therefor e mor e excitin g forms o f 
educational tool should , in such free discussion , take precedence ove r the more tradi -
tional, humbler , les s expensiv e tool s suc h a s books, blackboards, environmental an d 
other physica l materials . I n th e realisti c spiri t o f th e conference , i t wa s felt tha t fo r 
many countries , way s an d mean s o f makin g optimum us e of th e resources currentl y 
available t o the m shoul d continu e t o exercis e al l thei r powers . Th e lea d pape r an d 
report unde r discussio n rightl y emphasize d thes e humble r features , bu t perhap s 
equally rightl y th e discussio n complemente d thi s b y dealin g wit h th e mor e nove l 
resources. 

Since learnin g i s a n individua l affair , an y artefac t whic h wil l stimulate and ensur e 
sound individua l learning is worthy o f serious consideration b y al l educators . 
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